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Since the identification of a canonical ERE, several computational 17 approaches have been undertaken to identify ERα target genes at the genome-wide level 18 ERα-bound regions have been extensively sequenced. The results using E2-treated 7 MCF-7 cells showed 1451 intra-chromosomal and, surprisingly, 15 inter-chromosomal 8 overlapping clusters. Each of these more than one thousand clusters contains several 9 genes, many of which showed coordinated upregulation of their transcription by E2 10 treatment. The regions close to the ERα-bound regions showed a tendency to rapidly 11 constitute active chromatin structures reminiscent of the active gene transcription in 12 response to E2. Even the genes in these clusters located relatively far from the 13
ERα-bound region also seemed responsive to E2, resuming transcription two days later 14 on average. Such a tendency was not seen for the genes outside of the clusters. 15 Therefore, the time lag of transcription alteration between the immediate-early and 16 other genes raises the interesting possibility that genes in a cluster constitute an 17 intra-chromosomal loop structure for a commonly regulated epigenetic setting (Fig. 1) . 18
In this model, a specific gene cluster could be organized to restrict the epigenetic effects 19 of the estrogen-ERα complex within a loop to strengthen the coordination of the 20 transcription, and this structure would isolate this effect to prevent leaky transcription of 21 the genes located outside of the loop. The differential ERα-triggered epigenetic setting 22 other malignancies and other normal tissues that express lower levels of ERα showed 1 more selective promoter usage. This raised the possibility that the level of expression of 2 ERα is determined by the number of promoters used, rather than the selective use of 3 specific promoters. However, the number of known alternative ERα promoters is still 4 growing in the human, mouse and rat (Kos et al., 2001; Wilson et al., 2008) , and 5 therefore, the possibility that the selective usage of specific promoters accounts for the 6 tissue-or cell-specific ERα expression cannot be ruled out. 7
In rodents, ERα mRNA is expressed in several brain regions, including the 8 MPOA (Shughrue et al., 1992). In male mice, a high density of ERα was found in a 9 small number of hypothalamic cells of the MPOA, arcuate, and ventromedial nuclei 10 treated with an aromatase inhibitor escaped from the inhibitory effect of T on ERα 20 expression in many brain regions, suggesting that T functions through its aromatization 21 to E2 for the downregulation of ERα expression (Clancy and Michael, 1994). Thus, estrogen can downregulate ERα in brain cells. 1 However, ERα regulation by estrogen seems to differ according to the brain 2 region. For example, EB was shown to decrease immunostaining intensity for ERα in 3 the ventrolateral hypothalamus and BNST, but not in the periventricular preoptic area or To reconcile the mutually opposite effects of estrogen on ERα expression, 10 namely, its upregulation and downregulation according to the cell type, it is necessary to 11 think of the other factors that modulate the quantity of ERα mRNA. It should be noted 12 that long-term deprivation of estrogen in the culture media of ERα-positive breast 13 cancer cells can generate ERα-negative subclones that are completely insensitive to 14 estrogen for their cell growth (Pink and Jordan, 1996) . This phenomenon strongly 15 suggests the involvement of an epigenetic mechanism to preset the local chromatin 16 structure for the basal ERα expression. In this context, formation of transcriptional 17 repression complexes including DNMT, HDAC and/or methyl-CpG binding protein is 18 emerging as an important mechanism in silencing a variety of methylated tissue-specific Based on the several lines of information described above, a schematic representation of 3 possible ERα-triggered alteration of the cell status is shown in Fig. 2 . The model shown here has been made based largely on cancer cell studies. 5
Since the estrogen regulation system varies widely, it would be valuable to test several 6 simple models of the phases described above. Of course, mechanisms mediating 7 epigenetic alterations may differ in postmitotic brain cells and cancer cells of different 8
origins. Nonetheless, it should be noted that acquiring the unmethylated status of the 9
ERα promoter by either passive mechanisms (lack of faithful replication of DNA 10 methylation patterns) or active epigenetic mechanisms (enzymatic mechanisms) is 11 prerequisite for sensing the estrogen signal in postmitotic cells as well as cancer cells. In the brain, AR mRNA expression occurs predominantly in the hypothalamus. 2
The highest density of AR mRNA is localized in the central part of the MPOA and the 3 principal portion of the BNST (Handa et al., 1996) . Castration of adult male rats causes 4 an increase in AR mRNA density in both brain areas. Therefore, the negative regulation 5 of the expression of AR by androgen seems to be largely restricted to the predominant 6 area of AR function. However, a situation similar to that of the differential 7 autoregulation of ERα together with estrogen could again be observed for AR. In fact, 8 comparable levels of AR mRNA can be found in specific cells of the hippocampus. CA1 9 pyramidal cells are AR-positive and form the major signal output of the hippocampal 10 trisynaptic circuit. A significant decrease occurs in the AR mRNA content of the 11 hippocampus in rats after castration or in intact male rats after daily injections of the AR 12 Sato, T., Matsumoto, T., Kawano, H., Watanabe, T., Uematsu, Y., Sekine, K., Fukuda, T., 31 Aihara, K., Krust, A., Yamada, T., Nakamichi, Y., Yamamoto, Y., Nakamura, T., and somatic cells in mice. Genes Cells. 7, 961-9. In this model, E2 alters the chromatin structure by E2-ERα association with the estrogen 5 responsive element (ERE). On the ERE-ERα complex, several cofactors are recruited to 6 concordantly establish the highly ordered chromatin structure. The E2 effect is exerted 7 on many genes within an ERE-containing cluster. Genes proximal to the ERE tend to 8
show rapid upregulation whereas expression of distal genes occurs later on. The ERE 9 effect could be restricted by insulators to prevent changes of the expression of genes 10 located outside of the cluster. 
